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RESEARCH MEMORANDUM 


AN INVESTIGATION AT MACH NUMBER 2.40 OF FLAP-TYPE 
CONTROLS EQUIPPED WITH OVERHANG NOSE BALANCES 


By James N. Mueller 
SUMMARY 


Some Of the factors affecting the two-dimensional characteristics 
of flap-type controls equipped with overhang nose balances have been 
investigated at a Mach number of 2.40. The effects of changing nose- 
balance overhang, altering the shape of the nose balance, beveling the 
afterbody of the basic wing forward of the flap nose, varying wing-flap 
gap size, fixing transition, and varying the flap trailing-edge thick- 
ness were evaluated. 


The results of the investigation indicated that low values of both 
hinge moments due to flap deflection and hinge moments due to angle of 
attack could be obtained for a flap attached to a blunt-base wing with 
a gap of 0.033c when the balance overhang vas about 80 percent of the 
flap chord rearward of the hinge line. The primary effect of beveling 
the rear section of the basic wing or increasing wing-flap gap size was 
to minimize the wing-wake—boundary-layer effects over the flap so that 
the nose-balance effectiveness was increased. The lifting effectiveness ۱ 
of the flap was not appreciably affected by overhang balance. The effects 
of fixing transition and changing flap overhang nose shape on the bal- 
encing characteristics were negligible. Increasing flap trailing-edge 
thickness resulted in increased control heaviness. 


A method for estimating the aerodynamic loading over trailing-edge 
flap-type controls equipped with overhang nose balances is shown to give 
good results. 


INTRODUCTION 


At supersonic speeds, unbalanced controls have large hinge moments 
that require heavy and complex mechanical booster systems. Á reduction 
in hinge moments by use of aerodynamic balance is desirable to reduce 
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the size and weight of the boost system required and in some cases to 
provide controls that can be operated manually in an emergency. 


For some time the National Advisory Committee for Aeronautics has 
been conducting investigations of the balancing characteristics at tran- 
sonic speeds of various control arrangements (refs. 1 to 6). At super- 
Sonic speeds, however, experimental data on the aerodynamic balancing 
of flap-type controls are relatively meager and adequate theory is not 
available for predicting balancing characteristics. 


An investigation, therefore, has been made in the Langley 9-inch 
supersonic tunnel at a Mach number of 2.40 of some of the factors affecting 
the balancing characteristics of flap-type controls equipped with plain 
overhang nose balances. This study is similar to that reported in ref- 
erences 7 and 8 but was made in a two- rather than three-dimensional flow 
field and utilized pressure distributions rather than force tests so as 
to determine the nature of the flow fields about the wing-flap configurations. 


A preliminary-data report (ref. 9) has been published relating to 
the initial phases of the test program which encompassed tests with dif- 
ferent amounts of flap nose overhang balance and several wing-flap gap 
sizes. Subsequent tests included the effect of beveling the afterbody 
of the basic wing forward of the flap nose, fixed transition studies, 
the effect of balance nose shape, and the effect of flap trailing-edge 
thickness. The present paper presents all the pertinent data obtained 
in this investigation together with a more complete analysis than that 
of reference 9. 


SYMBOLS 


Pi local static pressure 


stream static pressure 


M Stream Mach number 

y ratio of specific heats for air, 1.4 

q stream dynamic pressure, 2 Mp 

E pressure coefficient, ። 

PR resultant pressure coefficient, Pr, - Py 


En 
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lower-surface pressure coefficient 
upper-surface pressure coefficient 
flap chord back of hinge line 

chord of balance forward of hinge line 
total flap chord, cb + Cp 


model chord, main wing plus flap and exclusive of gap 


section hinge moment of flap, positive when it tends to 
deflect trailing edge of flap downward 


section normal force, positive upward 


section pitching moment about midchord, positive when it 
tends to rotate the leading edge of airfoil upward 


section chord force, positive rearward 


section hinge moment, h/acg? 


section hinge-moment-coefficient parameter 


۷۳۷۴ coefficient of complete configuration, 
n/qc 


section pitching-moment coefficient of complete configura- 
tion, m fac? 


chord-force coefficient of complete configuration,‏ ی 
d/qe‏ 


free-stream velocity 
Reynolds number, pVc/u 
maximum thickness of model 


flap trailing-edge thickness 


 Chordvise distance from leading edge of wing in terms of 


model chord, positive rearward 


Pu 
Pu 


Cr 
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Chg rate of change of flap section hinge-moment coefficient with 


ð 
flap deflection, e 
0 


Che rate of change of flap section hinge-moment coefficient with 


angle of attack, E 
8 


rate of change of flap section normal-force coefficient with 


“ng 
Oen 
flap deflection, 1 
65 /., 
0 mass density of free stream 
H absolute coefficient of viscosity 
a wing angle of attack 
5 deflection of flap chord with respect to airfoil chord, posi- 
tive when trailing edge is down 
8 included angle of flap nose 
0 included angle of flap trailing edge 


APPARATUS AND METHODS 


Wind Tunnel 


The investigation was conducted in the Langley 9-inch supersonic 
tunnel, which is a continuous-operation closed-return type of tunnel 
with provisions for the control of the humidity and pressure of the 
enclosed air. Eleven fine-mesh screens in the relatively large settling 
chamber ahead of the nozzles aid in keeping the turbulence in the tunnel 
test section at a low level. For qualitative visual-flow observations, 
a schlieren optical system is provided. During the tests, the quantity 
of water vapor in the tunnel air was kept sufficiently low so that the 
effects of water condensation in the supersonic nozzle were negligible. 


Models 


General.- Presented in figure 1 are the wing-flap configurations 
tested in this investigation. No data are presented for those configu- 


rations shown shaded. (See as መ= "Results.") Also included 
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in the figure is pertinent information relative to each of the configura- 
tions. The majority of the flaps tested had diamond-shaped profiles, 
others included a flap with an elliptical-shaped overhang and one with 

a full-blunt trailing edge. All the flaps had plain overhang nose bal- 
ances having cb/cf values of 0.38, 0.60, aná 0.82. The maximum thick- 
ness locations of the flaps were coincident with the hinge lines and the 
total flap chords were 40 percent of the chord of the wing-flap combina- 
tion (exclusive of any wing-flap gap). The thickness ratio of the com- 
binations was 6 percent. Variations in the wing-flap gap size were 
obtained by translating the flap rearward from the basic wings. 


The artificial roughness seen near the nose of some of the configura- 
tions of figure 1 (see for example, configuration 6(a)) are fixed transi- 
tion strips used to produce turbulent boundary-layer flow and therefore 
to simulate higher Reynolds number flow. The fixed transition or rough- 
ness strips were prepared by sprinkling common table salt, ground to an 
average grain size of slightly less than 0.01 inch, onto a thin layer of 
dope that had been sprayed on the wing just prior to the application of 
the salt grains. The chordwise thickness of the strips was approximately 
3/16-inch and were located approximately at 19 percent chord. 


The models were machined from steel with the sharp leading and 
trailing edges ground to a thickness of less then 0.002 inch. The wing 
and flap surfaces were cut to within 0.002 inch of the specified values 
and were generally free of scratches and well-polished. 


Figure 2 shows the general arrangement and basic dimensions of the 
pressure distribution and schlieren models. Also illustrated is the 
method used for coupling the flaps to the wings. As shown on figure 2, 
two basic wings differing only in profile shape were employed in these 
tests. Basic wing 1 consisted of a 30-percent-chord nose section of 
double-wedge shape and sharp leading edge followed by a slab-type after- 
body section with a full blunt trailing edge. Basic wing 2 differed 
from basic wing 1 in that the afterbody was beveled to a sharp edge at 
the base. (The term "afterbody" as used herein refers to the section 
of the basic wing rearward of the nose section.) All models had 3-inch 
chords (for zero wing-flap gap) and rectangular plan forms. The flap 
chords in all cases were 30 percent of the model chord. 


Pressure-distribution models.- Figure 4 is a dimensional sketch of 
the pressure-distribution models illustrating the manner in which the 
models were mounted in the tunnel for testing. For convenience in 
carrying pressure leads from the wings to the outside of the tunnel and 
in setting angles of attack, the models were mounted in the tunnel directly 
from circular end plates which replaced the tunnel observation windows. 


The pressure-distribution models were equipped with static-pressure 
orifices on both the upper and lower wing and flap surfaces at the midspan 
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station only as shown in figure 3. This location afforded an essentially 
two-dimensional-flow region relatively free from the disturbances which 
originate from the inboard edges of the wing-flap linkage plates. Two 
pressure orifices vere located on the base of basic wing 1. Except for 
the orifices near the sharp leading and trailing edges of the wings and 
flaps, all orifices were drilled on a line normal to the wing leading 
edge. In order to establish some orifices as close to the leading and 
trailing edges as possible, these particular orifices were slightly stag- 
gered spanwise. All pressure leads from the orifices were ducted to the 
outside of the tunnel internally through the model. 

Wing angle of attack was changed by rotating the circular end plates 
and measured by means of & clinometer attached to one of the rotating 
plates. The flaps were deflected with the aid of 1/16 diameter wire 
cables attached to the flaps and a manually actuated mechanism. In order 
to indicate flap-angle settings, the hinge pin, fixed relative to the 
flap, was extended through the circular end plate and equipped with an 
indicator hand which traversed & circular scale. 


Schlieren model.- Figure 4 shows the schlieren model mounted for 
visual-flow observation and schlieren photography. The model was sup- 
ported by two struts which in turn were attached to support trunnions 
which pierced the tunnel side walls. The angle of attack of the model 
was changed by rotating these support trunnions from outside the tunnel; 
thus the angle of attack could be changed while the tunnel was in opera- 
tion. On the other hand the flap angle had to be set while the tunnel 
was inoperative. The span of the model was slightly less than the tunnel 
width in order to permit model movement in the pitch direction without 
damaging the observation windows. 


Pressure Measurements and Reduction of Data 


The pressures on the wing and flap surfaces and the total pressure 
in the tunnel settling chamber were recorded simultaneously by photo- 
graphing & multiple-tube mercury manometer on which the pressures were 
indicated. Subsequently, tbe pressures were read directly from the film 
as pressure coefficients through use of a film reader. 


Section aerodynamic coefficients were obtained by integrating the 
pressure distributions. The chordwise forces were computed in & similar. 
manner by plotting the pressures normal to & line which was perpendicular 
to the wing or flap chord. No attempt was made to include viscous effects 
in any of the aerodynamic coefficients. 
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Range of Tests 


Most of the pressure-distribution tests were made at angles of attack 
of 2° and 89 and through a flap deflection range of +20° in increments 
of 49. Additional pressure distributions were usually obtained at a = 09, 
10, 69, and 10° and at flap deflections of O° and +12° only. Schlieren 
photographs were obtained usually at a = 29 and 8 at 56x09, 5 = و2129‎ 
and 8 “200. The tests vere made at a Reynolds number of 0.78 x 109 
based on the model chord of 2 inches. 


. Precision of Data 


stream surveys obtained with an empty test section indicate that the 
mean value of the Mach number in the region occupied by the test config- 
urations is 2.40 and that the variation about this mean is about +0.01. 
Other surveys have indicated that any deviations in stream-flow direction 
in the test section are small. 


Estimates of the precision of the test variables are as follows: 


Hinge-moment coefficient, Ch . s . e . e s « 9 «ቁ . . . . . . . 20.008 
Normal-force coefficient, Cn . ፡ . . e.s e , «ቁ © 9 6 9 ቁ o . €. 40.005 
Pitching-moment coefficient, Cm  . . . . s e . 9 .» «5 . . . . . ቷ0,00ዱ 
Chord-force coefficient, Ce و‎ ፡ኦ 5 s « 9 5 eee € 5 € * € € #0.00% 
Angle of attack, . : DEE s s www a پور‎ sə ው 0 
Flap angle, 5, deg .» , ə ə ə 8 5 95 © 9 ቁ. 9 9 € 5 ቁ 5 € ə 9 € 5 30.2) 


Pressure coefficient, P አ 5 5 . . 5 8 5 9 . 5 9 5 89 9 5 9 € 5 9 20.04 


RESULTS 


The results of this investigation are presented in the form of sec- 
tion aerodynamic coefficients, pressure-distribution diagrams, schlieren 
photographs, slope parameters, and loading diagrams in figures 5 to le, 
figures 13 to 21, figures 22 to 28, figures 29 to 31, and figures 32 
and 43, respectively. Table I shows the configurations for which data 
are presented along with corresponding figure numbers. No data are shown 
for: (1) Configurations 3, 8, and 10 because the results obtained are 
intermediate to data which are presented; (2) configurations 6a, 6b, lla, 
and 14b because tests of these configurations showed that, when the wing- 
flap gap vas large (0.555c), fixing transition produced negligible results; 
and (3) configurations 13a and 13b because the results obtained are com- 
parable to those results presented for the sharp-nose flaps. 
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The parameter en (=) و‎ used in the presentation of hinge-moment 


data, is equivalent to a hinge-moment coefficient based on overall flap 
chord, cy. Since cg remained constant in all the tests, the values 


of this parameter afford a direct comparison of the hinge-moments for 
the various test configurations. 


All pressure-distribution diagrams are shown for a zero wing-flap 
gap condition for convenience and in order to preserve uniformity among 
plots when comparisons are being made. The theoretical pressure distri- 
butions included on the pressure-distribution diagrams (figs. 13 to 21) 
were calculated from shock-expansion theory (ref. 10) for the basic wings 
only. (Because of the mixed-type flow which probably occurs over the 
flaps, no attempt was made to include theoretical pressure distributions 
over these surfaces. However, it will be shown in a subsequent section 
of this paper that reasonably good predictions of the pressure distri- 
butions over the flaps can be obtained by using a method based on shock- 
expansion theory.) 


The flow on the strut side of the models shown in the schlieren 
photographs must be discounted because of interference effects from the 
supporting member. 


The slope parameters, normally taken as tangents to the curves at 
5 = 09 when the angle of attack was held fixed and at a = 2° when 
the flap angle was held constant, are shown primarily to indicate the 
general trends of the two-dimensional slope parameters of overhang- 
balanced flaps. Included for comparative purposes are the two-dimensional 
hinge-moment parameters of a plain, unbalanced trailing-edge flap on a 
6-percent-thick circular-arc wing (ref. 11), and. the slope parameters of 
a three-dimensional wing-flap model (refs. 7 and 8) having flaps with 
geometrical characteristics similar to those of the present tests. 


DISCUSSION 


The discussion of the results of this investigation has been divided 
into the following sections: Effect of flap nose overhang, effect of 
wing-flap gep size, effect of fixed transition, effect of flap nose over- 
hang shape, effect of flap trailing-edge thickness, and estimation of 
control-surface loading. The effects of altering the profile of the 
wing afterbody from a constant-thickness, blunt-base shape to a double- 
wedge, sharp-base shape are discussed under each section with the excep- 
tion of the section on "effect of flap trailing-edge thickness," where 
the effects of basic-wing-afterbody shape were not evaluated. 
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Effect of Flap Nose Overhang 


Figure 5 shows the effect of different amounts of flap nose over- 
hang on the variation of the section aerodynamic coefficients with flap 
deflection at a= 20 and a= 89. The aerodynamic characteristics are 
shown for both the blunt (basic wing 1) and beveled (basic wing 2) wing- 
flap configurations. 


In figures 6 and 7 are shown the variations of the section hinge- 


moment and normal-force coefficients with angle of attack at 5 = - 129, 
00, and 12°, for the blunt and beveled wing-flap configurations, 
respectively. 


All configurations have a ving-flap gap size of 6 ۰ 


Blunt „= The decrease in slopes of the hinge-moment curves at 
a = 20 (fig. 5(a)) as the flap nose overhang is increased from 0.38cf 


to 0.82cf can be largely attributed to the fact that the least-balanced 
flap has most of its overhang balance immersed in the wing wake, and 
"unporting" (nose of flap rises above the wing surfaces) does not occur 
until the flap deflection exceeds 20°. The pressure-distribution dia- 
grams of figure 13(a) (and to some extent, the schlieren photographs of 
figure 22(a)) show this effect. Conversely, when the overhang balance 
is moderately large (82 percent), its effectiveness increased because 
it was possible for the expanded flow around the wing base on the lower 
surface to impinge on a greater portion of the balance surface. (Com- 
pare the hinge-moment slope parameter Che (fig. 29) of the various 


balanced configurations.) 


At a= 67, the detrimental effects of the wing wake on the effec- 
tiveness of the overhangs is decreased (see, for example, figs. 13(b) 
and 22(b)); however, the relative reduction in the hinge moments between 
the configurations (configurations la, 7a, and 9a) having different amounts 
of flap nose overhang is comparable to those at a = 2% as seen in fig- 
ure 5(a) because the loads to the rear of the flap hinge lines also 
increased. (This effect is also illustrated in fig. 29, which shows the 
hinge-moment slope parameter Ch, measured at a = 8° .) 


In figure 6(a), which shows the variation of the hinge-moment coef- 
ficient with angle of attack, the slopes of the curves at all flap deflec- 
tions are seen to be relatively small (all cp, values falling within 
a range of 0.001 to -0.006). (See also the hinge-moment parameter 
of fig. 29.) At 6 = 00, the Ö2-percent-balanced flap (configuration 9a) 
shows a very slight amount of overbalance (positive value of ch,). 


At 6 = 12°, a considerable reduction in hinge moments is obtained as the 
flap balance is increased سس‎ percent to 82 percent. 


چھ 


AT 
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Normal-force-coefficient variations with flap deflections (fig. 5(b)) 
and normal-force-coefficient variations with angle of attack (fig. 6(b)) 
are not significantly affected by change in amount of flap nose overhang. 


Pitching-moment characteristics (fig. 5(c)) show trends similar to 
the hinge-moment variations (fig. 5(a)) previously discussed, and indi- 
cate a loss of pitching effectiveness Cmg with increase in percent of 


flap nose overhang. This loss is probably caused by a forward shift in 
flap center of pressure due to the increase in load on the overhang. 


Chord-force characteristics (fig. 5(d)) exhibit only slight changes 
with change in amount of flap nose overhang. 


Beveled .- Figure 5(a) shows that, at a low angle of attack 
(a = 2°), beveling the afterbody of the wing ahead of the flap nose (con- 


figurations lb, 7b, and 9b) resulted in no significant reductions in the 
slopes of the hinge-moment curves (that is, increase in aerodynamic bal- 
ance) relative to those of the blunt-wing—flap configurations. (See 
Che slope values, fig. 29.) The reason for this lack of improvement 


in aerodynamic balance can be seen from the pressure-distribution dia- 
grams of figure 14(a), which show that, although there is an increase 

in load on the overhang balance, the loads to the rear of the hinge line 
have also increased. 


At a moderate angle of attack a= 89 (fig. 5(a)), the effective- 
ness of the overhang balance increased markedly when the wing afterbody 
was beveled as is indicated by the overbalanced conditions (positive 
values of cpg, generally in the negative-flap-deflection region) pro- 


duced on the 60- and 82-percent-balanced flap-wing configurations (con- 
figurations 7b and 9b); also see fig. 29). 


Figure 7(a) shows the hinge-moment-coefficient variation with angle 
of attack for the beveled wing-flap configurations (configurations lb, 
Tb, and 9b). At 8 = 0°, both the 60- and O2-percent-balanced configura- 
tions (configurations 7b and 9b, respectively) exhibit overbalance tend- 
encies (Che, positive), whereas the least-balanced configuration (con- 


figuration 1b) is slightly underbalanced 0 > -0 .0014) . See hinge- 


moment slope parameter Cho. fig. 29.) At & = 120 all the flap con- 
figurations have positive floating tendencies تفت‎ Cha, in the 


low angle-of-attack range (up to a= 69 or a= 8°). At the higher 
angles of attack, the converse is true. 


The increase in rate of change of normal force with flap deflection 
Ong of the beveled-wing—flap configurations (fig. 5(b)) over that of 
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the blunt-wing—flap configurations vas appreciable at both a = 2° 

and a = 8°, at least up to about 8 = 14°. Above 5 = 14°, the slopes 
of the curves become zero and tend to exhibit reversals. This loss in 
lifting effectiveness cng can be attributed to the rather severe flow 


separation from the wing, as seen in the pressure-distribution diagrams 
of figure 14, rather than to a loss in flap lifting ability. 


The variations of the normal-force coefficients with angle of attack 
(fig. 7(b)) reveal that, at all flap deflections shown, the slopes of the 
curves are approximately equal. This result indicates that the lifting 


effectiveness En, of the wing-flap configurations (configurations 1b, 


Tb, and 9b) is not significantly altered with change in amount of flap 
nose overhang | at least within the scope of the present tests, 


c 
zb = 0.38 to = = o.8). It was also found that the slope values are 
f f 
comparable to those obtained on the blunt-wing—flap configurations. 


Pitching-moment characteristics (fig. 5(c)) follow closely the 
trends of the hinge-moment curves. At «a = Os unstable pitching-moment 
variations occur over a small range of flap deflection for the 60- and 
82-percent-balanced flaps (configurations 7b and 9b). 


Chord-force characteristics (fig. 5(d)) show no appreciable differ- 
ence between wing-flap configurations at a= 22 or a= 89. However , 
the chord-force of the beveled-wing—flap configurations is generally 
higher than the blunt-wing—flap configurations, and in particular at 
a = 8° where the chord-force rise’ with positive flap deflection is very 
rapid. 


Comparison of two- and three-dimensional slope parameters.- In fig- 
ure 29 is shown a comparison between two-dimensional hinge-moment slope 


parameters obtained from the present tests and reference 11, and the 
three-dimensional hinge-moment slope parameters obtained from test data 
of references 7 and 8. The hinge-moment slope values Cha and Ch 


of the three-dimensional tests and the present two-dimensional tests cor- 
relate reasonably well. Although the flaps of the three-dimensional tests 
were attached to a half-span delta wing having a subsonic leading edge 
(sweep angle of 75°), the hinge-line sweep (which was 0°), flap geometry 
(hinge-line location and profile shape), and wing-flap gap size of the 
three-dimensional tests were similar to those of the present tests. 


On the basis of this brief comparison it appears that the geometrical 
parameters of the flap (as stated above) are the primary factors in deter- 
mining hinge-moment characteristics, and it is believed that two-dimensional 
studies similar to the present tests can furnish a reasonably accurate 
insight into three-dimensional flap characteristics. 
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Slope values of the zero-balanced flap on a circular-are wing (ref. 11) 
also show reasonably good correlation with the two- and three-dimensional 
balanced configurations. 


Effect of Wing-Flap Gap Size 


Figures 8 and 9 show the effect of wing-flap gap size on the varia- 
tion of the aerodynamic coefficients with flap deflection of the blunt 
and beveled wings equipped with a flap having a small (0.58cf) and large 
(0 .82cf) overhang balance, respectively, at a 20 and a= 89. 


Blunt wing.- The hinge-moment characteristics of the 38~percent- 
balanced blunt-wing—flap configurations (configurations la, 4a, and 5a) 
at a = 29 (fig. 8(a)) appear to be independent of gap size until the 
largest gap size (0.555c) is obtained. (See configuration Sa.) The 
hinge-moment variation with flap deflection of this configuration does 
not have the breaks or regions of discontinuity evident for the config- 
urations of lesser gap sizes (configurations la and 4a). The effect of 
gap size on aerodynamic balance is negligible, however, because of the 
small (0.58ecr) overhang balance. 


In figure 9(a) is shown the hinge-moment variation with flap deflec- 
tion of a flap having a large flap nose overhang (0.82cp) attached to 
the blunt-base wing, as a function of wing-flap gap size (configurations 9a 
and lla). It is readily seen that it is possible to obtain good bal- 
ancing characteristics (low values of chs) through the judicious com- 


bination of wing-flap gap size and amount of flap nose overhang. ( See 
hinge-moment-slope parameter chs fig. 50.) 


Normal-force, pitching-moment, and chord-force characteristics for 
the 48-percent-balanced flap (figs. 8(b), 8(c), and 8(d), respectively) 
reflect the same trends previously observed in the hinge-moment character- 
istics, namely, that the aerodynamic coefficients at a = 20 appear to 
be independent of wing-flap gap size until the largest gap size (0.333c) 
is obtained. The substantial increase in flap effectiveness (fig. 8(b)) 
at the largest gap size is clearly seen in the pressure-distribution 
diagrams of figure 15(a). Also seen on the diagrams is the significant 


decrease in wing base pressure | the symbols shown plotted at == 0.70) 


with increase in gap size from 0.033c to 0.333c. This results in an 
increase in wing pressure drag, and partly accounts for the large chord 
force (fig. 8(d)) associated with the largest gap-size configuration 
(configuration Sa). At a = 8% the section aerodynamic coefficients 
show, generally, the same trends. 


For the 82-percent-balanced flap, the normal-force characteristics 
(fig. 9(b)) show flap effectiveness increases as expected with increase 
in gap size at both a= 29 and a= 89. 
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Beveled wing.- Beveling the wing ahead of the flap nose for the 
28-percent-balanced flap configurations. (configurations 1b, hb, and 5b) 
essentially made the hinge-moment (fig. 8(a)), normal-force (fig. 8(b)), 
and pitching-moment (fig. 8(c)) coefficients independent of wing-flap 
gap size up to and including the largest (0.333c) gap size at both a= 2° 
and a = 80. The chord-force coefficients (fig. 8(d)), however, still 
show some variations with gap size. 


An interesting feature of the pressure-distribution diagrams (fig. 16) 
is the retardation of flow separation from the upper surface of the wing 
afterbody when the wing-flap gap size is increased from 0.025c to 0.3330. 
(This effect is also evident on the schlieren photographs of fig. 2.) 


The hinge-moment characteristics (fig. 9(a)) of the large-balance 
(82-percent) flap-beveled-wing configurations (configurations 9b and 11b) 
at ዌ = 2° show slope reversals (from negative to positive) as the wing- 
flap gap size is increased from 0.033c to 0.333c. (See hinge-moment slope 
parameter chs, fig. 20.) At a = 89, the effect of gap size on the hinge 


moments is small. 


The normal-force characteristics (fig. 9(b)) shov slight increases 
in lift effectiveness ng 8 the gap is increased at both a= 29 


end a= 60, 


Effect of Fixed Transition 


Figures 10(a) and 10(b) show the effects of fixed transition on 
the variation of the hinge-moment and normal-force characteristics with 
flap deflection, respectively, of basic wings 1 (blunt) and 2 (beveled) 
equipped with a 48-percent-balanced — = 0.38 ) flap, at a= 2° and 


a = 80. 


Blunt wing.- The only apparent effect of fixing transition on hinge- 


moment characteristics (fig. 10(a)) appears to be the elimination of the 
discontinuity in the curves at a = 29 and an increase in control heavi- 
ness at a 69. 


Normal-force curves (fig. 10(b)) exhibit trends similar to the hinge- 
moment curves in that the "breaks" or regions of discontinuity in the 
force curves, at both a= 29 and a= 8°, are eliminated when transi- 
tion is fixed. An investigation (ref. 11) at M= 1.95 of the effects 
of fixed transition on the force and moment characteristics of a 9-percent- 
thick, circular-are airfoil equipped with a 30-percent-chord plain trailing- 
edge flap yielded similar results. 
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Beveled wing.- The effect of fixed transition on the hinge-moment 
and normal-force characteristics of the beveled wing-flap configurations 
(configurations 15 and 2b) (figs. 10(a) and 10(b), respectively) are nearly 
identical to those produced on the blunt-wing—flap configurations. 


The pressure-distribution diagrams of figure 18 show the powerful 
effect of fixed transition on curbing or eliminating completely the flow 
separation from the upper surface of the wing afterbody. (Also see fig. 26.) 


Effect of Nose Balance Shape 


Figure 11 shows the effect of nose balance shape on the variation 
of the section aerodynamic coefficients with flap deflection at a= 29 
and a = 89 for both the blunt- and beveled-wing—flap configurations. 
The wing-flap gap size is 6 。 


The section aerodynamic coefficients of both the blunt- and beveled- 
wing—flap configurations show, with exception of the chord force, prac- 
tically no variance with change in flap nose shape at both a = 29 and 
a = 80 (figs. 11(a) to 11(c)). 


The chord-force characteristics (fig. 11(d)) of the blunt wing-flap. 
configurations (configurations 7a and 12a) are practically identical 
at a = 2° and show a slight deviation in the positive flap deflection 
range at a= 89. The beveled-wing—flap configurations (Tb and 12b) 
show a marked dissimilarity in chord-force characteristics (fig. 11(d)) 
at a = 20. This effect is believed to be due to the variation of the 
high pressures which build up on the nose of the flaps (see fig. 20(a)), 
the highest pressures generally occuring on the blunt-nose flap (config- 
uration 12b) in the negative-flap-deflection region; conversely, the 
peak pressures occur on the sharp-nose flap (configuration 7b) in the 
positive-flap-deflection range. At a = O9, the same trends as at a= 0 
are evident but on a much smaller scale. 


Effect of Flap Trailing-Edge Thickness 


Figure 12 shows the effect on the variation of the hinge-moment and 
normal-force coefficients with flap deflection and angle of attack of a 
blunt-wing—flap configuration of changing the ratio of the flap trailing- 
edge thickness tp to flap maximum thickness t from O to 1. The flap 


has a 60-percent flap nose overhang. The force and moment results are 
presented at a= 2° and a = ۰ 


The results of increasing the flap trailing-edge thickness is mani- 
fested in an increase in control heaviness (decrease in balancing effec- 
tiveness) as shown by the hinge-moment curves of figure 12(a) ( also see 
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hinge-moment slope parameter Chs » fig. 31), and an increase in flap 


effectiveness shown in the normal-force curves of figure 12(b). Both 
effects result primarily from the increased load over the flap high- 

pressure surface to the rear of the hinge line when the flap trailing 
edge was made blunt. (See pressure-distribution diagrams of fig. 21.) 


Figures 12(c) and 12(d) show, respectively, the hinge-moment and 
normal-force variation with angle of attack at constant flap deflections 
of the pointed- and blunt-trailing-edge flap configurations (configura- 
tions 7a and 15). The hinge-moment variations (fig. 12(c)) of the blunt- 
trailing-edge-flap configuration (configuration 15) show a slightly more 
underbalanced condition (more negative Cha, see fig. 31 ) than that of 


the sharp-trailing-edge-flap configuration (configuration Ta). The normal- 
force veriations with a (fig. 12(4)) show that the normal-force-curve 
slopes Che are approximately equal at all flap deflections shown. The 


displacement between the curves of configurations Ta and 15 at 8 = 12° 
is indicative of the superior lifting ability of the blunt-tralling-edge 
flap configuration (configuration 15). 


Experimental and Calculated Control Surface Loading 


A method for estimating the loads on flap-type controls with over- 
hang nose balances based on shock-expansion theory and subject to sev- 
eral assumptions was found to give good results (figs. 32 and 33). The 
assumed flow patterns over the wing-flap configurations upon which the 
calculations of the local pressures are based are indicated by the small 
arrows on the diagrammatic sketches shown at the top of the figures. 


Figure 32 shows the experimental and calculated loading over basic 
wing 1, at a= 8°, equipped with flaps having 38- and 82-percent flap- 
chord overhang nose balances at 8 = 8? and 5 = 16°. The flow over 
the upper surface of the wing is assumed to follow the contour of the 
wing surface until it intersects the flap. The flow after leaving the 
lower surface of the basic wings is assumed to expand to free-stream 
direction. This assumption is reasonably correct as is borne out by cal- 
culations made by using the experimentally determined base pressures as 
measured in the present tests. It is also assumed that the flow veloc- 
ity remains supersonic over the configurations, a prerequisite for the 
application of the shock-expansion theory. It is seen that the method 
gives a good approximation of the magnitudes of the loading over the 
control surfaces, particularly in those regions forward of the hinge lines 
where large peak pressures are experienced. The loading over the basic 
wing, which can be predicted quite accurately by using shock-expansion 
theory in the absence of flow separation, is seen to be good except in 
those regions where flow separation is prevalent. 
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Figure 43 shows the experimental and calculated loadings over basic 
wings 1 and 2 at a= 8° equipped with control surfaces having 82-percent- 
flap-chord overhang nose balances at 6 = 8°. The loadings are shown for 
two wing-flap gap sizes. For the basic wing 2 case, it is assumed that 
the nose of the flap overhang when unported acts in a manner similar to 
that of a spoiler and the Plow moves in a straight line from the wing 
shoulder to the flap nose. In figure 33(a), which shows the loadings 
for the configurations with the smallest gap sizes, the method overestimates 
the loading over the flap surfaces; nevertheless, fairly good approximations 
of the loadings are achieved. The loadings over the basic wings are good 
except in the separated flow regions. 


Figure 33(b) is for the large wing-flap gap size configurations and 
the flap is assumed to be operating as an independent airfoil under free- 
stream conditions. The flow leaves the trailing edges of the basic wings 
in the free-stream direction as shown in the sketches above the figures. 
Good approximations of the loadings over the control surfaces are again 
obtained. A substantial decrease in separation effects on the basic wings 
resulted in much better agreement between theory and experiment. 


CONCLUSIONS 


An investigation has been made at Mach number of 2.40 and a Reynolds 
number of 0.78 x 106 of some of the factors affecting the two-dimensional 
characteristics of flap-type controls equipped with overhang nose bal- 
ances. An analysis of the results indicated the following conclusions: 


1. The hinge-moment characteristics of flaps with 0.38 flap chord 
eg) overhang nose balances on blunt-base wings for a wing-flap gap size 
of 0.033 model chord exhibited a statically stable, or underbalanced, 
variation with flap deflection. Increasing the overhang balance chord 
from 0.58cf to 0.82cf decreased the unbalanced hinge moments due to flap 
deflections Chg from approximately -0.006 to -0.002, and resulted 


in a value of the rate of change of hinge moment with angle of attack 
“ከሬ of approximately zero. 


2. Beveling the afterbody of the basic wing forward of the flap 
nose caused the overhang balance to become more effective, and at a mod- 
erate angle of attack (a= 8°) resulted in unstable variations of hinge- 
moment coefficients with control deflection Che for the 60- and 82-percent- 


balanced flaps. 


5. Increasing ving-flap gap size from 0.033 model chord tq 0.555 model 
chord on the blunt-wing--flap configurations favorably altered the 
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hinge-moment parameters ch, and ha when the flap overhang balance 


was about 0.60 flap chord (ce), increased the lift and pitching effec- 


tiveness, and caused a substantial chord-force rise. The aerodynamic char- 
acteristics of the beveled-wing—flap configurations were affected, in 
general, to a much less extent with change in wing-flap gap size. 


l. The lifting effectiveness of the flap vas not appreciably changed 
by overhang balance. 


5. The effects of fixed transition to simulate high Reynolds numbers 
on the flap balancing characteristics were small; however, the flow sepa- 
ration from the basic wings was greatly reduced. 


6.-The effect of changing the shape of the flap overhang nose bal- 
ance from a sharp double wedge to elliptical was negligible. 


T. Increasing the trailing-edge thickness of the control from 
3 - O to 3- 1.00 tg] € is the ratio of the flap trailing-edge 


thickness to the maximum thickness of the model resulted in increased 
control heaviness with the change in Cha, being &bout twice as much as 


the change in ከ5 - 


8. The loading over trailing-edge flap-type controls with overhang 
nose balances can be calculated by using an approximate method based on 
shock-expansion theory. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., September 1, 1953. 
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Table | — Index of configurations for which data are presented, type of data shown , and corresponding figure numbers. 


" Sec. Aerodynamic | Pres. distribution Schlleren Hinge-moment Aero. loading 
rati 
00097 coefficients , diograms photographs parameters diagrams 


5,6, 8,10 13, 15,17 22,25 29,30, 31 


5,7,8,10 14,16,18 23,24,26 29, 30, 31 


IO 17 
10 18 
8 
8 
8 IS 
8 16 
2,6,11,12 19,21 29, 30,31 
5,7,11 20 29, 30, 31 
5,6,9 I3 29, 30, 31 
5,7,9 ۱4 29, 30,351 
9 
9 
It 19 
[| 20 
ız 21 


The smoll projections seen near the leading edges of the configurations are fixed transition strips. 
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Figure 1.- Sketch showing wing-flap configurations tested in investigation. No data are shown for ኩን 


shaded configurations. The small projections near the leading edges of configurations 2a, 2b, 6a, 
6b, lla, and 14b are fixed transition strips. 
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Figure 2.- General arrangements and basic dimensions of the pressure 
distribution and schlieren models. All dimensions are in inches. 
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Figure 5.- Dimensional sketch of pressure-distribution model illustrating 
manner of mounting model in tunnel for testing. All dimensions shown 
are in inches. 
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Figure .با‎ Sketch showing method of mounting schlieren model for visual- 
٭‎ flow observations. 
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Figure 5.- Effect of percent overhang nose balance on the variation of 
the section aerodynamic coefficients with flap deflection of & 
6-percent-thick symmetrical wing equipped with trailing-edge flap- 
type controls. Wing-flap gap size, 0.055c. 
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Figure 5.- Continued. 
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Figure 5.- Continued. 
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Figure 5.- Concluded. 
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Figure 6.- Effect of percent overhang nose balance on the variation of 
the section hinge-moment and normal-force coefficient, with angle of 
attack of a 6-percent-thick symmetrical wing equipped with trailing- 
edge flap-type controls. Wing-flap gap size, 0.033c; basic wing ۰ 
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Figure 7.- Effect of percent overhang nose balance on the variation of 
the section hinge-moment and normal-force coefficients with angle of 
attack of a 6-percent-thick symmetrical wing equipped with trailing- 
edge flap-type controls. Wing-flap gap size, 0.033c; basic wing 2. 
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Figure 7.- Concluded. 
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Figure 8.~ Effect of wing-flap gap size on the variation of the section 

aerodynamic coefficients with flap deflection of a 6-percent-thick 

symmetrical wing equipped with trailing-edge flap-type controls. 
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Figure 8.- Continued. 
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Figure 8.- Concluded. 
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Figure 9.- Effect of Wing-flap gap size on the variation of the section 
hinge-moment end normal-force coefficients with flap deflection of 8 
6-percent-thick symmetrical wing equipped with trailing-edge flap- 
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Figure 9.- Concluded. 
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Figure 10.- Effect of fixed transition on the variation of the section 
hinge-moment and normal-force coefficients with flap deflection of a 
6-percent-thick symmetrical wing equipped with trailing-edge flap- 


type controls. 2 0.38; wing-flap gap size, 0.033c. 
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Figure 11.- Effect of overhang-nose balance shape on the variation of 
the section aerodynamic coefficients with flap deflection of a 
6-percent-thick symmetrical wing equipped with trailing-edge flap- 


type controls. a = 0.60; wing-flap gap size, 0 
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Figure 11.- Concluded. 
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Figure 12.- Effect of flap trailing-edge thickness on the variation of 
the section hinge-moment and normal-force coefficients with flap 
deflection and angle of attack of a 6-percent-thick symmetrical wing 
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Figure 12.- Continued. 
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Figure 12.- Concluded. 
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Figure 13.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 


varying percent overhang nose balance. 
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Figure.13.- Continued. 
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Figure 1}.- Typical pressure distributions over a 6-percent-thick symmet- 
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varying percent overhang nose balance. 
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Figure 15.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 15.- Continued. 
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Figure 16.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 16.- Continued. 
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Figure 17.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 18.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 19.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 21.- Typical pressure distributions over a 6-percent-thick symmet- 
rical wing equipped with flap-type controls showing some effects of 
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Figure 22.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with flap-type controls showing some effects 
of varying percent overhang nose balance. Wing-flap gap size, 0.022cŞ 
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Figure 23.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with flap-type controls showing some effects 
of varying percent overhang nose balance. Wing-flap gap size, 0.033c; 
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Figure 24.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with flap-type controls showing some effects 


of varying the size of the wing-flap gap. E = 0.38; basic wing ۰ 
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Figure 26.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with flap-type controls showing some effects 
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Figure 27.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with trailing-edge controls showing some 
effects of altering the shape of the nose overhang balance. Wing- 
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Figure 28.- Schlieren photographs of the flow over a 6-percent-thick 
symmetrical wing equipped with trailing-edge controls showing some 
effects of varying flap trailing-edge thickness. Wing-flap gap size, 
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Figure 29.- Comparisons of hinge-moment parameters, Cha and Chy’ of 
basic wing l and basic wing 2 equipped with flaps having various 


amounts of flap-nose overhang. Wing-flap gap size, 0.022c. e 
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Figure 30.- Comparisons of hinge-moment parameters, Ch and Ch of 


basic wing 1 and basic wing 2 equipped with flaps having various 
amounts of flap-nose overhang at two wing-flap gap sizes. 
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Figure 51.- Camparisons of hinge-moment parameters, Che and Chy? of 


basic wing 1 and basic wing 2 equipped with flaps having various 
amounts of flap-nose overhang and for different overhang shapes and 
trailing-edge thicknesses. Wing-flap gap size, 0 ,032ር , 
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Figure 52.- Experimental and theoretical aerodynamic-loading diagrams of 
flap-type controls equipped with overhang nose balances of different 
chords. Diagrammatic sketches of the wing-flap configurations show 
the assumed flow patterns upon which the calculation of the theoretical 
curves are based. 


ፒ2፲ኗ6፲ WA (۲ 


6ء 


Figure 32.- Concluded. 
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(a) Gap = 0.033c. 


Figure 33.- Experimental and theoretical eerodynamic-loading diagrams of 
flap-type controls equipped with overhang nose balances for two wing- 
flap gap sizes and two wing afterbody shapes. Diagrammatic sketches 
of the wing-flap configurations show the assumed flow patterns upon 
which the calculation of the theoretical curves are based. 
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